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Prion protein is encoded by the prion protein gene (PRNP). Polymor-
phisms of several members of the prion gene family have shown association with 
prion diseases in several species. Recent studies on a novel member of the prion 
gene family in rams have shown that prion-related protein gene (PRNT) has a 
linkage with codon 26 of prion-like protein (PRND). In a previous study, codon 
26 polymorphism of PRND has shown connection with PRNP haplotype which is 
strongly associated with scrapie vulnerability. In addition, the genotype of a sin-
gle nucleotide polymorphism (SNP) at codon 26 of PRND is related to fertilisa-
tion capacity. These findings necessitate studies on the SNP of PRNT gene which 
is connected with PRND. In goat, several polymorphism studies have been per-
formed for PRNP, PRND, and shadow of prion protein gene (SPRN). However, 
polymorphism on PRNT has not been reported. Hence, the objective of this study 
was to determine the genotype and allelic distribution of SNPs of PRNT in 238 
Korean native goats and compare PRNT DNA sequences between Korean native 
goats and several ruminant species. A total of five SNPs, including PRNT c.-114G 
> T, PRNT c.-58A > G in the upstream of PRNT gene, PRNT c.71C > T 
(p.Ala24Val) and PRNT c.102G > A in the open reading frame (ORF) and c.321C 
> T in the downstream of PRNT gene, were found in this study. All five SNPs of 
caprine PRNT gene in Korean native goat are in complete linkage disequilibrium 
(LD) with a D’ value of 1.0. Interestingly, comparative sequence analysis of the 
PRNT gene revealed five mismatches between DNA sequences of Korean native 
goats and those of goats deposited in the GenBank. Korean native black goats also 
showed 5 mismatches in PRNT ORF with cattle. To the best of our knowledge, 
this is the first genetic research of the PRNT gene in goat. 
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Prion diseases are characterised by the aggregation of abnormal prion pro-
tein (PrPSc) and vacuolation in brain tissue (Prusiner, 1998). Prion disease in sheep 
and goat is called scrapie. It was first described in 1732 (Zabel and Reid, 2015). 
Scrapie does not seem to be transmissible to humans. Therefore, it had received 
relatively little attention for a long time (Wilson et al., 2012; Wadsworth et al., 
2013). Recently, scrapie has received attention because of its association with bo-
vine spongiform encephalopathy (BSE). Using scrapie-affected animals as feed 
has shown association with the progression of BSE (Wilesmith et al., 1988).  
Prion protein gene (PRNP) is regarded as the main factor that confers sus-
ceptibility to scrapie. Sheep and goat have homologous genomic sequences of 
PRNP. Haplotypes of PRNP codons 136, 154, and 171 are significantly associ-
ated with susceptibility to scrapie in sheep (Laplanche et al., 1993; Hunter et al., 
1997a; Hunter et al., 1997b). Among several haplotypes, ARQ and ARR are well 
known for susceptible and resistant haplotypes, respectively (Greenlee et al., 
2014; Greenlee et al., 2016). In goat, more than six polymorphisms in PRNP 
codons 142, 143, 146, 154, 211, and 222 are associated with susceptibility to 
scrapie (Goldmann et al., 1996; Bouzalas et al., 2010; Ortiz-Pelaez et al., 2015; 
Srithayakumar et al., 2016). However, genetic association studies have not re-
vealed susceptible haplotypes of PRNP gene for scrapie in goat yet. 
Recently, researchers have become interested in a novel member of the 
prion gene family called prion-related protein gene (PRNT). PRNT is testis-
specific gene like prion-like protein gene (PRND) (Makrinou et al., 2002). A 
study has shown that the haplotype of PRNT is linked to codon 26 of PRND 
(Mesquita et al., 2016). In addition, previous studies indicated that codon 26 of 
PRND was linked to haplotypes ARQ, AHQ, and ARR of PRNP and fertilisation 
capacity (Pereira et al., 2009; Mesquita et al., 2010). Mesquita et al. (2010) have 
suggested that the haplotype of PRNT might be associated with scrapie suscepti-
bility and fertility in sheep. Therefore, the polymorphism study of PRNT is very 
important. However, the polymorphism of PRNT in goat has not been reported 
yet. Furthermore, to the best of our knowledge, the sequence of the PRNT gene 
in Korean native black goat has not been described so far. 
Therefore, the objective of this study was to determine the genotype, allele, 
and haplotype frequencies of caprine PRNT single nucleotide polymorphisms 
(SNPs) in 238 Korean native black goats and compare the DNA sequences of 
PRNT gene between Korean native black goat and several ruminant species. 
 
 
Materials and methods 
Genetic analysis  
Whole blood samples of Korean native black goats were obtained from a 
slaughterhouse in South Korea. Genomic DNA was isolated from 200 μl of whole 
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blood using QIAamp DNA blood Mini Kit (QIAGEN, Valencia, CA, USA). The 
coding region of caprine PRNT gene was amplified using the primers PRNT-F 
(5’-TCGGCCTTGGTCTTTTCGTG-3’) and PRNT-R (5’-GGCAACTTTGTA 
GTCCTCTCAAGT-3’). The total volume of each PCR mixture was 25 μl, in-
cluding 1 μl of genomic DNA, 0.5 μl each of forward and reverse primers, 0.5 μl 
of 10 mM dNTP mixture, 0.5 μl of 5 × Taq DNA polymerase, and 2.5 μl of 10 × 
Taq DNA polymerase buffer (Promega, Madison, WI, USA). Thermal cycling 
was carried out at 95 °C for 3 min for denaturation, followed by 35 cycles at 
95 °C for 30 sec, 59 °C for 30 sec, and 72 °C for 1 min 30 sec, and 1 cycle at 
72 °C for 4 min. The cycling program was established in an S-1000 Thermal Cy-
cler (Bio-Rad Laboratories, Hercules, CA, USA). Purification of PCR products 
for sequencing was performed using the QIAquick® Gel Extraction Kit (QIAGEN, 
Valencia, CA, USA). PCR products were directly sequenced on an ABI 3730 
Capillary Electrophoresis Sequencer (Applied Biosystems, Foster City, CA, 
USA) using Taq dideoxy terminator cycle sequencing kit (ABI) (Fig. 1). The 
amplicons were then analysed with the software Geospiza FinchTV Version 1. 
 
Fig. 1. Gene map and polymorphisms identified in the caprine PRNT gene. The open reading frame 
(ORF) within exon is marked by shaded block. Edged horizontal bar indicates sequenced region. 
The arrows indicate the five polymorphisms found in this study 
 
Statistical analyses 
Analyses of Linkage Disequilibrium (LD), haplotype, and Hardy-Weinberg 
Equilibrium (HWE) test in Korean native black goat were performed using SNP 
AnalyzerTM2.0 (http://snp.istech.info/istech/board/detail_snpa2.jsp). 
Sequence comparison 
Sequence alignment was performed using DNAStar analysis programs 
(DNAStar, Madison, WI, USA). Nucleic acid sequences of PRNT genes were ob-
tained from GenBank at the National Center for Biotechnology Information 
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(NCBI), including those of black goat, Korean native black goat, bighorn sheep 
Ovis canadensis (CP011898.1), domestic sheep Ovis aries (NM_001097649.1), 
domestic goat Capra hircus (AM412782.1), and domestic cow Bos taurus 
(DQ205538.1). 
 
Results 
The caprine PRNT gene is composed of one exon. To examine the geno-
type and allele frequencies of PRNT SNPs in Korean native black goat, we 
screened for SNPs within exon 1, including the open reading frame (ORF) of the 
caprine PRNT gene in the genomic DNAs of 238 Korean native black goats. The 
following total five SNPs were found: PRNT c.-114G > T, PRNT c.-58A > G in 
the upstream of PRNT gene, PRNT c.71C > T and PRNT c.102G > A in the ORF, 
and c.321C > T in the downstream of PRNT gene (Fig. 1). PRNT c.71C > T 
(p.Ala24Val) is a nonsynonymous SNPs. Of the 238 Korean native goats, 89 
(37.39%) were homozygous of C, 34 (14.29%) were homozygous of T, and 115 
(48.32%) were heterozygous. The genotype frequencies of these five SNPs were 
in the HWE in Korean native goats (Table 1). 
To examine whether there was a strong LD among the five SNPs, LD co-
efficient (|D’|) was calculated in these SNPs of Korean native black goat. All five 
SNPs of the caprine PRNT gene in Korean native goat were in complete LD with 
a D’ value of 1.0 (Table 2). 
Analysis of haplotype frequency was carried out for Korean native black 
goat. As shown in Table 3, four different haplotypes existed in the caprine PRNT 
polymorphisms. Among the four haplotypes, the haplotype TGTGC had the 
highest frequency (38.5%). 
Table 1 
Genotype and allele frequencies of PRNT polymorphisms in Korean native black goats 
 Genotype frequency,  n (%) 
Allele frequency,  
n (%) HWE 
c.-114G > T GG 
60 (25.21) 
GT 
123 (51.68) 
TT 
55 (23.11) 
G 
243 (51.05) 
T 
233 (48.95) 
 
0.5992 
c.-58A > G AA 
60 (25.21) 
AG 
123 (51.68) 
GG 
55 (23.11) 
A 
243 (51.05) 
G 
233 (48.95) 
 
0.5992 
c.71C > T CC 
89 (37.39) 
CT 
115 (48.32) 
TT 
34 (14.29) 
C 
293 (61.55) 
T 
183 (38.45) 
 
0.7470 
c.102G > A GG 
191 (80.25) 
GA 
45 (18.91) 
AA 
2 (0.84) 
G 
427 (89.71) 
A 
49 (10.29) 
 
0.7140 
c.321C > T CC 
101 (42.44) 
CT 
103 (43.28) 
TT 
34 (14.28) 
C 
305 (64.08) 
T 
171 (35.92) 
 
0.3550 
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Table 2 
Linkage disequilibrium (LD) among five single nucleotide polymorphisms (SNPs) of the PRNT 
gene in Korean native black goats 
 c.-114G > T c.-58A > G c.71C > T c.102G > A c.321C > T 
c.-114G > T – 1.0 1.0 1.0 1.0 
c.-58A > G – – 1.0 1.0 1.0 
c.71C > T – – – 1.0 1.0 
c.102G > A – – – – 1.0 
c.321C > T – – – – – 
 
Table 3 
Haplotype frequencies of the five PRNT polymorphisms in Korean native black goats 
Haplotype Korean native black goats (n = 238) 
TGTGC 183 (0.385) 
GACGT 171 (0.359) 
GACGC 72 (0.151) 
TGCAC 49 (0.103) 
 
To compare nucleotide sequences of PRNT genes in Korean native goat, 
Ovis canadensis, Ovis aries, Capra hircus, and Bos taurus, we performed multi-
ple sequence alignment using DNAStar. The nucleotide sequence of PRNT gene 
of Korean native goat had the highest sequence identities (100%) with the PRNT 
gene of Ovis canadensis, followed by that of Ovis aries (99%), Capra hircus 
(97%) and Bos taurus (97%) (Fig. 2). Notably, the DNA sequence of the PRNT 
gene in Korean native goat had five mismatches with the caprine PRNT sequence 
deposited in GenBank. 
 
Discussion 
There are a lot of controversies about the novel member of the prion gene 
family PRNT, especially as to whether the ruminant PRNT is a pseudogene. 
When the ruminant PRNT gene is compared to the human PRNT gene, the PRNT 
gene is truncated. Therefore, the PRNT gene has been regarded as a pseudogene 
(Choi et al., 2006; Premzl and Gamulin, 2007). However, recent studies have 
confirmed the translation of PRNT gene in ram and goat. In addition, Prt, en-
coded by the PRNT gene, has been detected at the acrosome region of spermato-
zoa (Pimenta et al., 2012). 
Previous studies have revealed three members (PRNP, PRND, and PRNT) 
of the prion gene family showing linkage with SNPs in sheep (Pereira et al., 2009; 
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Mesquita et al., 2010; Mesquita et al., 2016). The G allele at codon 26 of PRND 
showed a strong LD with the ARR haplotype of PRNP. The ARR haplotype can 
confer resistance to scrapie. In addition, the A allele at codon 26 of PRND was 
remarkably linked to the ARQ and AHQ haplotypes of PRNP. Both ARQ and 
AHQ haplotypes are associated with susceptibility to scrapie. That is, codon 26 
of the PRND gene represents susceptibility to scrapie through strong LD. Inter-
estingly, PRND genotypes GG, GA, and AA were linked to the haplotype of 
PRNT. Since the genotype at codon 26 of PRND was associated with the sperm 
capacitation process, improving sperm cryoresistance and embryo production 
(Ferreira et al., 2016), the haplotype of PRNT represents sperm fertility. It has 
been shown that Doppel encoded by PRND is significantly associated with male 
fertilisation. Ablation of PRND has resulted in sterility and malformed spermato-
zoa (Behrens et al., 2002; Paisley et al., 2004). However, since the genetic varia-
tion of PRND codon 26 is a synonymous SNP, further studies are needed to un-
derstand its influence on fertilisation. 
Association studies between prion diseases and PRNT polymorphisms have 
not been performed yet. Except for PRNT, association studies on prion diseases 
with polymorphisms of other members of the prion gene family have been well 
conducted. As a gene with testis-specific expression, a functional study of PRNT 
SNPs should be performed to assess its relationship with fertility in the future. 
Our sequence alignment analysis revealed five mismatches between the 
DNA sequence of Korean native goat and that of goat deposited at GenBank. 
Scrapie has not been reported in Korean native black goat thus far. Therefore, 
these differences in the sequence of PRNT might have some significance. A pre-
vious study has shown that the caprine PRNT sequence shared 100% sequence 
identities with that of cattle (Kocer et al., 2007). However, the PRNT sequence of 
Korean native black goat also had five mismatches with the PRNT ORF of cattle. 
Korean native goat shared 99% sequence identities with sheep PRNT. Sequence 
alignment is a way of arranging sequences of DNA, RNA, or protein to identify 
regions of similarity that might have functional, structural, or evolutionary rela-
tionships among the sequences (Lagares et al., 2016). Our results suggest that the 
PRNT of Korean native goat is evolutionally close to that of sheep. 
We found five SNPs in the ORF and nascent region of the caprine PRNT 
gene. One SNP was nonsynonymous. In our previous studies, the distribution of 
PRNP and PRND SNPs has shown remarkable difference between Koreans and 
Europeans (Jeong et al., 2004; Jeong et al., 2005a; Jeong et al., 2005b). In addi-
tion, the genotype and allele frequencies of polymorphisms of the PRNP gene are 
significantly different between Hanwoo and dairy cattle (Jeong et al., 2005c; 
Jeong et al., 2006; Jeong et al., 2013). Furthermore, our previous study in cattle 
has revealed that the PRNT ORF region is non-polymorphic. Previous studies 
have also indicated that the bovine PRNT sequence is 100% homologous with 
the goat PRNT sequence. Therefore, SNPs might not exist in the ORF and nas-
298 KIM and JEONG 
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cent region of the caprine PRNT. However, we also obtained a similar result with 
data in sheep. Pereira et al. (2009) have reported that sheep have four polymor-
phisms in the PRNT ORF region, including two nonsynonymous SNPs (Mes-
quita et al., 2016). This highly polymorphic propensity showed coincidence with 
sequence homology between sheep and Korean native goat. 
Since PRNT is absent in rodents, functional studies of different SNPs in 
highly homologous sequences of ram and goat PRNT will be very useful in the 
future. To the best of our knowledge, this is the first study that reports the poly-
morphism of PRNT in goat. 
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